The physical and psychological burden on patients during mammography was analyzed using the autonomic function index in 34 adult females. The indices included heart rate (HR), high frequency (HF) of the R-R interval on an electrocardiogram, and the ratio of HF to LF (low frequency) (LF/HF). HR is an indicator of the degree of mental and physical activity, HF indicates the parasympathetic index and LF/HF indicates the sympathetic index. For the mediolateral oblique (MLO) view in mammography, autonomic function indices were measured before and during mammography. Statistical analysis was performed by the Mann-Whitney U test and the significance level was set at 5%. The autonomic function indices were compared before and during mammography and all showed no significant differences. The average value before imaging and the reference value at rest were compared. The results showed that HR increased 1.3-fold, HF increased 0.4-fold, and LF/HF increased 3.2-fold over reference values. Chronological changes during mammography showed that HF increased and LF/HF decreased from 120 seconds after the start of imaging. From these observations, it is evident that the state before mammography is not the same as the resting state and that the sympathetic index is dominant before imaging. They also suggest that some aspects of the psychological burden experienced during mammography are not due to the pain of breast compression alone.
INTRODUCTION
Mammography is performed by pressing and stretching the breast using a thin radiolucent compression plate [1] . During mammography, the patient experiences a physical burden due to the positioning required, such as twisting the neck and raising the arm in addition to the breast compression. As a result, examinees are forced to endure pain caused by breast compression and immobilization. Additionally, in order to obtain the most suitable image for diagnosis, the radiological technologist may directly touch the breast and press it further to spread it if necessary. Breasts are closely related to sexuality for women. Such procedures weigh heavily on examinees in some cases, causing psychological pain in addition to the physical pain [2, 3] .
As for the physical and psychological burden experienced by the examinees at the time of mammography positioning, we have previously demonstrated empirically the relationship between muscle activity and pain based on the imaging method and the process of imaging [4] [5] [6] . Based on these results, we report that patients experience more than moderate pain from the start of positioning through the entire course of breast compression and immobilization and that pain also occurs at sites other than the breast.
We believe it is necessary to clarify empirically the psychological burden experienced by patients during mammography and thus to gain a valuable insight into the experience of pain and tension which will help with the development of a positioning technique that provides a "relaxed state".
There have been previous reports of research in this field, studying chronic pain associated with skeletal muscle and autonomic nervous activities. As an index of autonomic nervous activity, pain and muscle tension were reported to be associated with sympathetic nerve activity [7] [8] [9] . Also, it has been reported that there is a positive correlation between postoperative pain and heart rate variability in the pain score and HF/LF ratio, which is indicative of sympathetic nerve activity [10] . Additional studies have reported physiological effects on auto-nomic nervous activity from massage and yoga [11, 12] .
However, previous studies only focused on pain caused by breast compression. The psychological burden beginning at the time of mammography positioning through the process leading to imaging has not been addressed adequately to date. Although it is difficult to objectively measure the psychological burden, we consider that assessing the autonomic nervous function using variations in the R-R interval of an electrocardiogram, which is an indicator of sympathetic and parasympathetic nerve activity, could lead to improved understanding of the creation of tension in the human body.
In this study, in order to clarify empirically the physical and psychological burden experienced by patients during mammography positioning, basic data from the parasympathetic and sympathetic nerves were collected and variation in the R-R interval of an electrocardiogram (ECG), which was one of the cardiovascular autonomic function tests and was analyzed using as a means of evaluating autonomic nervous function.
METHODS

Subjects
The subjects were 34 women without heart disease, hypertension or skin disease. Their age was 28.5 ± 9.2 years (mean ± standard deviation, SD), height was 160 ± 0.1 cm, body weight was 54.6 ± 6.3 kg and body mass index (BMI) was 20.2 ± 6.3. The compression pressure was 122.3 ± 10.5 N. The number of mammography experiences was 0 for 12 women, 1 for 16 women, and 2 or more for 6 women.
Measurement Methods
Measurement of Autonomic Function
Indices The autonomic function indices measured in this study were heart rate, high-frequency component of the ECG R-R interval and low-frequency (LF) component/highfrequency (HF) component ratio. Each index is described below.
The heart beat is regulated by two nodes within the heart itself (the sinoatrial node and the atrioventricular node). The initial electrical excitation occurs in the sinoatrial node, and is conducted to the atrioventricular node, then via the bundle of His to the Purkinje fibers (impulse conducting system) to generate a regular rhythm. By this mechanism, contraction is regulated and conducted from the atria to the ventricles. In addition, the heart rate is affected by nerves outside of the heart. The heart rate is increased by the center of the sympathetic nervous system of the medulla, while the parasympathetic nerve (vagus nerve) reduces the heart rate [13, 14] .
As an example, the heart rate can reach approximately 180 beats/min the instant before bungee jumping, demonstrating that it can be influenced by mental stress. Because of this, the heart rate has previously been used as basic data to gauge the activity of the mind and body and to evaluate the living and working environment [15] .
Even though the heart rate appears to be a regular sinus rhythm, it is influenced by autonomic nervous activity related to respiration and circulation and it fluctuates periodically. This fluctuation is known as heart rate variability (HRV) [16] . HRV is the coefficient of variation of the interval between R wave peaks on an electrocardiogram. Since the 1980s, HRV has been divided into the frequency components of the cardiac sympathetic and parasympathetic functions by spectral analysis. There have been many reports in which this was measured in a clinical setting as time-series data over a long duration (usually 24 hours). For example, the relationship between the onset of myocardial infarction and autonomic nervous activity has been studied by analyzing data recorded over a 24-hour period. On the other hand, when autonomic nervous activity is to be assessed before and after drug administration, a short-term analysis may also be used for comparison. The Japan Society of Neurovegetative Research has specified the use of short-term analysis and long-term analysis as separate methods of testing cardiovascular autonomic function [17] .
It is said that cardiac vagal activity, which is parasympathetic, is dominant at rest or a state close to it and that cardiac activity is suppressed due to excitement of the vagus nerve. Additionally, frequency analysis of HRV has shown that a power spectrum HF component of 0.16 -0.42 Hz in the high-frequency range reflects vagus nerve activity. Based on these concepts, the HF component has been reported in many studies to represent an index of parasympathetic activity. On the other hand, the ratio of the power spectrum LF component of 0.04 -0.15 Hz of the low-frequency range to the high-frequency component power or the ratio of LF to the power of the total frequency range has been reported to be associated with sympathetic activity [16] .
Measurement Equipment and Methods
HRV is measured as time-series data. For this study, measurement and analysis of the short period up to and during mammography imaging were required. Therefore, Activetracer (GMS Co. AC-301A, medical device license number: 13BZ6133), which has the ability to analyze short-term data collected over 2 -5 minutes, was used. This device is able to measure and record Heart rate (HR), HF and LF/HF at regular time intervals. To carry out measurements, the device was attached around the subject's waist by a belt. Measurements were performed in a manner similar to a 3-lead ECG (Figure 1) . In this study, measurements were performed under conditions of mammography positioning. Therefore, the electrodes were attached to sites which would not interfere with breast compression during mammography but which allowed the ECG to be measured.
Analysis Methods
In this study, the R-R interval, which is the interval between R wave peaks on an ECG, was measured every 2 seconds and the HR, the HF component of HRV and the LF/HF ratio were analyzed. Data obtained were analyzed using the MemCalc/Tarawa heart rate variability real-time analysis program [GMS, Co., Tokyo].
LF and HF were calculated by determining the area under the power spectrum in the frequency range of interest. In other words, it was calculated by multiplying the sum of the power of the frequency range by the frequency division width. The standard unit of the ECG R-R interval is msec, which represent 1/1000 of 1 second. Therefore, the unit of both HF and LF is msec 2 . Measurements were performed as described below. The Active tracer was attached and data were collected from the beginning of right mediolateral oblique (MLO) imaging to the end following a 10 minute seated rest period. Considering the stability of the data, for the data collected during resting, the 5 minutes beginning half way through the 10 minute rest period and ending just before imaging ("before imaging") and between the start and end of right MLO imaging ("during imaging") were analyzed. Experimental procedure is shown in Figure 2 .
HR, HF and LF/HF values were obtained for each individual, all data were divided into "before imaging" and "during imaging" and the mean and standard deviation were calculated. The effects at rest and during imaging were analyzed.
As a reference value for each index, the standard value of HR at rest is 60 beats/min in adults [18] . As for HF Analysis was performed using the Mann-Whitney U test and the difference between values before and during imaging was compared. Statistical analyses were performed using SPSS 19J for Windows and the significance level was set at less than 0.05.
In order to observe the chronological changes during the course of mammography, HR, HF and LF/HF of the subjects were expressed by averaging the data over 30-second intervals.
Ethical Considerations
Prior to conducting this study, the research plan was submitted to and approved by the research ethics committee at Graduate school of Health Sciences, Niigata University (approval number 82). 
RESULTS
Abbreviations and Acronyms
Comparison of the Average Values of HR, HF and LF/HF between Measurements before and during Imaging
The average values of HR, HF and LF/HF for the entire mammography procedure, before imaging and during imaging are shown in the figures (HR: Figure 3 , HF: Figure 4 , LF/HF: Figure 5) . Comparison of average values before and during imaging showed no significant differences in HR, HF or LF/HF (HR: P = 0.640, HF: P = 0.767, LF/HF: P = 0.386).
Next, the "before imaging" data from this study were compared to reference values of HR, HF and LF/HF. The average value of HR before imaging was 1.3-fold higher than the reference value. The average value of HF, which is a parasympathetic index, before imaging was reduced to 0.4 times the reference value, while the average value of LF/HF, a sympathetic index, was increased 3.2-fold before imaging compared to the reference value.
Chronological Changes in HR, HF and LF/HF during Imaging
The average (±SD) duration of mammography imaging in this study was 170 (±35.0) seconds. With the start of imaging set at 0 seconds, measurements of HR, HF n.s. Figure 7 , chronological changes of HF tended to increase and LF/HF tended to decrease from 91 -120 secafter the start of imaging. Usually, most of the time required for mammography is the time required for positioning. Therefore, 91 -120 seconds after the start of imaging is in the middle of positioning and a situation in which the breast is compressed. In that situation, we show that the parasympathetic index increases and the sympathetic index decreases.
DISCUSSION
The comparison of values obtained before and during imaging showed no significant differences in HR, HF or LF/HF in this study. However, when our data were compared with the generally used reference values, values of HR, HF and LF/HF before imaging were all found to be significantly different from the reference values at rest. In other words, even at rest before imaging, HF, which reflected parasympathetic activity, was lower than the reference value and LF/HF, which reflected sympathetic activity, was higher than the reference value. Regarding the autonomic nervous function in the body, it has been said that "when mental or physical stimulation (stressor) is applied to where homeostasis of the body is maintained, a warp (strain) is caused to the body and the body exhibits coping (stress) to correct the warp. The autonomic nervous system is involved in doing this, adaptive hormone is secreted and required energy is supplied to return to its original state" [20] . There is a possibility that psychological reaction, such as undergoing unfamiliar mammography and the expectation that it may be painful, may result in a situation in which sympathetic activity dominates.
From the results of the chronological changes, it was apparent that LF/HF, which reflected sympathetic activity, was increased before imaging compared to during imaging. HF, which reflected parasympathetic activity, showed the opposite trend. The autonomic nervous response to stress has been understood to involve stimulation of sympathetic activity and regression of parasympathetic activity. During mammography, since it is accompanied by pain and tension due to breast compression and immobilization, the state of tension is expected to increase with the physical burden. However, the data obtained in this study showed that HF, which reflected parasympathetic activity, showed a tendency to increase gradually starting before imaging.
At 91 -120 seconds from the start of the imaging procedure, when a tendency towards an increase in HF and a decrease in LF/HF was observed, it coincided with the process of positioning and breast compression. During positioning, the examinees must sit close to the radiological technologist and the examinee must hold her body steady while the breast is compressed. In addition, it is a situation in which the pain intensifies. Under such circumstances, the sympathetic index decreases during imaging rather than at the start of imaging while the parasympathetic index begins to increase. In the course of mammography imaging, the time period of 91 -120 seconds from the start of imaging is in the second half of the imaging procedure, close to the end of the imaging session. One possible reason for the observation in this study was that there was a trend during this time period for an increase in HF and decrease in LF/HF. The following point may be considered. Even in a situation in which there is a physical and psychological burden, there may be other associated psychological reactions, such as a sense of relief that the imaging is nearing an end.
These observations suggest that sympathetic nervous activity, which reflects tension, does not necessarily become dominant at the time-point associated with peak pain during mammography. In addition, it suggests that sympathetic nervous activity, which reflects tension, dominates when the examinee does not understand the situation and the reality of mammography. Therefore, we suggest that there is a need for data analysis on the physical and psychological burden during mammography to be carried out from the stage of preparation before positioning.
